INTRODUCTION
============

Gastric cancer is the fifth most common cancer and the third most common cause of cancer-related deaths worldwide \[[@b1-kjim-2016-293]\]. Gastric cancer is often diagnosed at an advanced stage \[[@b2-kjim-2016-293],[@b3-kjim-2016-293]\] and has a poor prognosis, especially in patients with metastatic gastric cancer (mGC) \[[@b1-kjim-2016-293],[@b4-kjim-2016-293]\]. The Trastuzumab for Gastric Cancer (ToGA) trial showed that chemotherapy combined with trastuzumab, a monoclonal antibody against human epidermal growth factor receptor 2 (HER2), slightly but significantly improved survival in HER2-positive mGC compared to chemotherapy alone \[[@b5-kjim-2016-293]\]. However, chemotherapy remains the mainstream first-line treatment for mGC, and the overall survival (OS) of mGC averages less than 1 year \[[@b2-kjim-2016-293],[@b4-kjim-2016-293],[@b6-kjim-2016-293]-[@b9-kjim-2016-293]\]. Therefore, investigators have continued to search for prognostic markers that can also predict responses to chemotherapy.

Several recent studies showed that inflammatory markers can be used to predict prognosis in patients with gastric cancer and in chronic obstructive pulmonary disease \[[@b10-kjim-2016-293]-[@b17-kjim-2016-293]\], as inflammation has been shown to play a role in tumor progression \[[@b18-kjim-2016-293]-[@b20-kjim-2016-293]\]. Tumor cells produce inflammatory cytokines that attract various leukocytes, such as neutrophils and lymphocytes \[[@b19-kjim-2016-293]\]; these inflammatory cytokines can enhance tumor proliferation, angiogenesis, invasion, and metastasis \[[@b19-kjim-2016-293],[@b20-kjim-2016-293]\]. Furthermore, the neutrophil-to-lymphocyte ratio (NLR) can indicate the presence of neutrophilia as well as lymphopenia related to the suppression of cell-mediated immunity in patients with cancer \[[@b18-kjim-2016-293],[@b19-kjim-2016-293]\]. Mohri et al. \[[@b10-kjim-2016-293]\] reported that preoperative NLR could be a postoperative prognostic marker in patients with curable gastric cancer; pretreatment NLR was also associated with survival in mGC \[[@b12-kjim-2016-293],[@b14-kjim-2016-293]\]. Aside from NLR, the modified Glasgow prognostic score (mGPS) has been studied as another inflammation-based marker to predict prognosis. The mGPS is calculated using C-reactive protein (CRP) and serum albumin levels, and can reflect both elevated CRP and hypoalbuminemia \[[@b15-kjim-2016-293]\]; of note, some studies reported that mGPS was significantly associated with survival in gastric cancer \[[@b11-kjim-2016-293],[@b13-kjim-2016-293],[@b14-kjim-2016-293]\].

Both NLR and mGPS have mainly been studied at the time of pretreatment or in early stage gastric cancer \[[@b10-kjim-2016-293],[@b12-kjim-2016-293],[@b13-kjim-2016-293],[@b15-kjim-2016-293],[@b21-kjim-2016-293]\]. This study first aimed to determine if pretreatment NLR and mGPS values are predictive of survival and chemotherapy response in patients with mGC. Additionally, we assessed whether postchemotherapy NLR and mGPS values are useful prognostic factors for survival and chemotherapy response in these patients.

METHODS
=======

Study population
----------------

This was a retrospective study that was approved by the Institutional Review Board of the Seoul St. Mary's Hospital of the Catholic University of Korea (KC16RISI0113). In carrying out the study, informed consents were not required because of simple medical record reviews. The medical records of 502 patients who received firstline palliative chemotherapy for mGC at the hospital between 2007 and 2013 were reviewed. All patients were diagnosed by pathologic confirmation from a primary gastric cancer biopsy sample or from surgical specimens. Histological types were classified into differentiated (well or moderate differentiation) or undifferentiated (poor differentiation, mucinous adenocarcinoma, signet ring cell adenocarcinoma, or poorly cohesive carcinoma) types. Metastases were classified as recurrent versus initially diagnosis. Patients who had a concomitant infection, steroid treatment, or other conditions that affect their systemic inflammation marker levels, such as autoimmune disease, were excluded from this study.

Treatment and evaluation of the tumor response
----------------------------------------------

Palliative chemotherapy was administered to all patients after the diagnosis of mGC. Platinum-based chemotherapy (n = 398, 79.3%) was used most frequently, and FOLFOX (oxaliplatin, 5-fluorouracil, and leucovorin) was the most common regimen. The chemotherapy regimen was selected at the discretion of the treating clinician. Prechemotherapy blood tests, including complete blood count (CBC) and blood chemistry (BC) testing for evaluating albumin and CRP, were conducted 4 to 24 hours before commencing chemotherapy. CBCs and BC tests were also performed every 8 ± 2 weeks after commencing chemotherapy. All patients underwent chest and abdomen computed tomography. Baseline imaging was performed 1 week before initiation of chemotherapy, and follow-up images were acquired every 8 ± 2 weeks after commencing chemotherapy. Radiological changes were evaluated using the Response Evaluation Criteria for Solid Tumors (RECIST) version 1.1 \[[@b22-kjim-2016-293]\]. Objective response was defined as complete response (CR) or partial response (PR), while disease control was defined as CR, PR, or stable disease. Postchemotherapy blood testing, including CBC and BC, was conducted at the same time as follow-up images were acquired for chemotherapy response evaluation.

Measuring and defining levels of NLR and mGPS
---------------------------------------------

In this study, we assessed NLR and mGPS as systemic inflammation markers. NLR is the neutrophil count divided by the lymphocyte count, and was classified as high (NLR ≥ 3.0) and low (NLR \< 3). mGPS was calculated using CRP and serum albumin levels: an elevated CRP levels (\> 1 mg/dL) and hypoalbuminemia (\< 3.5 g/dL) was designated as 2 points, elevated CRP and normal albumin levels denoted 1 point, and CRP levels ≤ 1 mg/dL with normal albumin levels indicated 0 points. mGPS was classified into two groups: high (a score of 2) and low (a score of 0 or 1). There were four categories of change in NLR and mGPS values between the prechemotherapy and postchemotherapy periods: low to low, high to low, low to high, and high to high; these were designated as A, B, C, and D, respectively.

Statistical analysis
--------------------

OS and progression-free survival (PFS) were defined as the date from starting first-line palliative chemotherapy to death and disease progression, respectively. Survival curves were calculated using the Kaplan-Meier method, and the log-rank test was used to compare each survival curve. The Cox proportional hazards method was used to perform multivariate analysis to evaluate the significance of the prognostic variables. The chi-square test was used to determine the significance of the correlations between NLR and chemotherapy response, and linear by linear association was used to assess the trend between change patterns in NLR and chemotherapy response. All statistical analyses were performed using the SPSS software version 22.0 (IBM Co., Armonk, NY, USA), and a two-sided *p* \< 0.05 was considered statistically significant.

RESULTS
=======

Patient characteristics
-----------------------

This study included a total of 502 patients; their characteristics are listed in [Table 1](#t1-kjim-2016-293){ref-type="table"}. The median patient age was 58 years with a range of 20 to 81 years, and included 300 men and 202 women. Of these patients, 441 died; the median survival time was 12.85 months. The median NLR was 2.51 (range, 0.41 to 45.81), with 185 and 317 patients classified into the high NLR (≥ 3) and low NLR (\< 3) groups, respectively. A high mGPS (score, 2) was found in 90 patients.

Prognostic value of prechemotherapy/postchemotherapy NLR and mGPS on survival
-----------------------------------------------------------------------------

The impact of clinicopathological factors and systemic inflammation markers on OS and PFS were analyzed; the results are listed in [Table 2](#t2-kjim-2016-293){ref-type="table"}. Univariate analyses of OS and PFS showed that detecting metastasis at initial diagnosis (OS: hazard ratio \[HR\], 1.55, *p* \< 0.001; PFS: HR, 1.49, *p* \< 0.001), an undifferentiated histological type (OS: HR, 1.43, *p* \< 0.001; PFS: HR, 1.28, *p* = 0.005), peritoneal carcinomatosis (OS: HR, 1.42, *p* \< 0.001), and metastasis to two or more organs (OS: HR, 1.65, *p* \< 0.001; PFS: HR, 1.58, *p* \< 0.001) were significantly associated with poor survival. On multivariate analysis, an age of 65 years or older (OS: HR, 1.23, *p* = 0.044), detecting metastasis at diagnosis (OS: HR, 1.44, *p* = 0.001; PFS: HR, 1.36, *p* = 0.005), undifferentiated histological type (OS: HR, 1.55, *p* \< 0.001; PFS: HR, 1.33, *p* = 0.005), and metastasis to two or more organs (OS: HR, 1.56, *p* \< 0.001; PFS: HR, 1.48, *p* \< 0.001) were significant independent prognostic factors. ([Supplementary Table 1](#SD1){ref-type="supplementary-material"}). The survival curve of high prechemotherapy NLR was significantly different from that of the low NLR group on univariate analysis (median OS: 14.90 months vs. 11.47 months, *p* = 0.002; median PFS: 7.50 months vs. 5.07 months, *p* = 0.002, respectively) ([Fig. 1](#f1-kjim-2016-293){ref-type="fig"}, [Supplementary Table 2](#SD2){ref-type="supplementary-material"}, and [Supplementary Fig. 1](#SD7){ref-type="supplementary-material"}). On multivariate analysis, high prechemotherapy NLR (OS: HR, 1.43, *p* \< 0.001; PFS: HR, 1.42, *p* \< 0.001) was also a significant independent prognostic factor ([Supplementary Table 1](#SD1){ref-type="supplementary-material"}). On the other hand, the survival curve of high prechemotherapy mGPS was not different from that of the low mGPS on univariate analysis (OS: *p* = 0.139; PFS: *p* = 0.129) ([Fig. 1](#f1-kjim-2016-293){ref-type="fig"}, [Supplementary Table 2](#SD2){ref-type="supplementary-material"}, and [Supplementary Fig. 1](#SD7){ref-type="supplementary-material"}), and mGPS was not an independent prognostic factor on multivariate analyses ([Table 2](#t2-kjim-2016-293){ref-type="table"}). Following chemotherapy, both NLR and mGPS had significantly different survival curves when comparing the high and low groups on univariate analysis (*p* \< 0.001 for all comparisons) ([Fig. 1](#f1-kjim-2016-293){ref-type="fig"} and [Supplementary Table 3](#SD3){ref-type="supplementary-material"}).

Correlation of change patterns in NLR with chemotherapy response and survival
-----------------------------------------------------------------------------

This study assessed the proportion of chemotherapy response depending on change patterns in NLR before and after chemotherapy; these changes are shown in [Table 3](#t3-kjim-2016-293){ref-type="table"}. The total objective response rate (ORR) was 51.2%, and the total disease control rate (DCR) was 86.9%. The proportions of ORR were significantly different depending on the NLR change pattern, classified into groups A to D as described in 'Methods' (χ^2^ = 24.791, *p* \< 0.001). The proportions of DCR were also significantly different depending on the NLR change pattern (χ^2^ = 58.569, *p* \< 0.001). Decreasing trends for both ORR and DCR were observed when the NLR change pattern shifted toward group D (linear by linear association value, 20.804 and 45.748, respectively; both *p* \< 0.001) ([Table 3](#t3-kjim-2016-293){ref-type="table"}).

The survival curves of group A (median OS, 16.93 months), group B (median OS, 16.93 months), group C (median OS, 13.13 months), and group D (median OS, 8.73 months) were significantly different from each other (*p* \< 0.001) on univariate analysis ([Fig. 2](#f2-kjim-2016-293){ref-type="fig"} and [Supplementary Table 4](#SD4){ref-type="supplementary-material"}). On multivariate analysis, groups B, C, and D were significantly associated with poorer survival compared to group A ([Table 4](#t4-kjim-2016-293){ref-type="table"}).

Prognostic value of prechemotherapy NLR according to HER2 expression
--------------------------------------------------------------------

The association between prechemotherapy NLR and survival was assessed according to HER2 expression status in 193 patients with available HER2 expression data (the remaining patients had been registered before 2010, and their HER2 data were unavailable). There were 161 HER2-negative patients for whom univariate analyses of OS and PFS revealed that prechemotherapy NLR was significantly associated with poor survival (OS: *p* = 0.002; PFS: *p* = 0.006) ([Supplementary Table 5](#SD5){ref-type="supplementary-material"}). In 32 patients who were HER2-positive, the prechemotherapy NLR was not associated with survival on univariate analyses of OS and PFS (OS: *p* = 0.105; PFS: *p* = 0.450). However, multivariate analyses showed that prechemotherapy NLR was significantly associated with poor survival (OS: *p* = 0.001; PFS: *p* = 0.007) ([Supplementary Table 6](#SD6){ref-type="supplementary-material"}). There was no significant correlation between prechemotherapy NLR and HER2 expression (Pearson correlation coefficient, 0.06; *p* = 0.410).

DISCUSSION
==========

Our study showed that NLR was a useful prognosticator in mGC, while mGPS was not associated with survival. The reason for the correlation of NLR with prognosis in mGC has not yet been explained, although the relationship between inflammation and cancer is well documented \[[@b18-kjim-2016-293]-[@b20-kjim-2016-293],[@b23-kjim-2016-293]\]. Tumor cells closely interact with the extracellular matrix and with stromal cells around tumors \[[@b23-kjim-2016-293],[@b24-kjim-2016-293]\]. This interaction contributes to the development of the tumor microenvironment, where stromal cells recruit various cytokine-producing inflammatory cells \[[@b19-kjim-2016-293],[@b24-kjim-2016-293]\]. Fang and Declerck \[[@b24-kjim-2016-293]\] described cancer cells and their microenvironment as the "malignant organ" that facilitates the tumorigenic process that includes proliferation, evasion of growth suppressors, resistance to apoptosis, development of replicative immortality, induction of angiogenesis, and activation of invasion and metastasis \[[@b23-kjim-2016-293]\]. Among inflammatory cells, neutrophils particularly have a key role in facilitating cancer progression in the tumor microenvironment \[[@b25-kjim-2016-293]\]. Neutrophils impact not only angiogenesis, migration, invasion, and metastasis, but also the suppression of immune responses against cancer cells \[[@b25-kjim-2016-293]\]. They release various factors such as matrix metalloprotease 9 and vascular endothelial growth factor that recruit other inflammatory cells and promote cancer progression \[[@b19-kjim-2016-293],[@b25-kjim-2016-293]\].

Lymphocytes are important extrinsic tumor suppressors \[[@b26-kjim-2016-293]\]. They play a role in the detection of tumor cells, tumor infiltration, and direction of immune responses that eliminate these tumor cells \[[@b18-kjim-2016-293],[@b26-kjim-2016-293]\]. In other words, a low lymphocyte count may reflect suppressed cell-mediated immunity against cancer \[[@b26-kjim-2016-293]\]; conversely, a high T-cell count has been correlated with survival in various solid tumors \[[@b18-kjim-2016-293]\]. Cho et al. \[[@b12-kjim-2016-293]\] reported that a low absolute lymphocyte count was associated with longer survival in mGC (*p* = 0.050). Taken together, the NLR likely influences survival outcomes in mGC because of a combination of absolute neutrophil and lymphocyte counts. As expected, prechemotherapy NLR was definitely associated with OS and PFS in this study, as was postchemotherapy NLR.

The survival curves representing NLR change patterns before and after chemotherapy differed significantly from each other, as did the proportion of patients in whom response to chemotherapy was influenced by the NLR change pattern. A higher postchemotherapy NLR is associated with a worse OS, PFS, and chemotherapy response. When considering the tumor microenvironment, residual cancer burden after chemotherapy may be correlated with increased inflammatory cells, such as neutrophils. Thus, a shift toward a high NLR may predict poor response to chemotherapy in mGC. These data suggest that controlling inflammation in tumors may help improve the prognosis of mGC, and measurement of NLR after chemotherapy could help to evaluate chemotherapy response when imaging studies prove inadequate. For example, if a patient without a measurable lesion exhibits reduced NLR, it could be regarded as a favorable response to chemotherapy.

HER2 overexpression is a poor prognostic factor \[[@b27-kjim-2016-293],[@b28-kjim-2016-293]\]. Hence, we analyzed the correlation between prechemotherapy NLR and HER2 expression, but found no such association. The prechemotherapy NLR in HER2-positive patients was not significantly associated with survival, which was contrary to our expectation. However, the median survival of patients with high NLR (13.53 months) was shorter than that of patients with low NLR (15.73 months). There were 32 HER2-positive patients in our study who were divided into high NLR (19 patients) and low NLR (13 patients) groups; our results may have been different if more HER2-positive patients were included in the study.

In pursuing this investigation, it was difficult to determine an appropriate cut-off value for high versus low NLR; hence, the optimal cut-off value remains unclear. Most previous studies used an NLR of 3 or 3.5 as the cutoff in gastric cancer \[[@b10-kjim-2016-293],[@b12-kjim-2016-293],[@b14-kjim-2016-293],[@b16-kjim-2016-293]\]. Cho et al. \[[@b12-kjim-2016-293]\] and Hsieh et al. \[[@b14-kjim-2016-293]\], who used an NLR cut-off of 3, showed that a high pretreatment NLR was significantly associated with poorer prognosis in mGC; therefore, we similarly selected a cut-off value of 3 for dividing our population into high and low NLR groups. An NLR cut-off of 3.5 produced similar results insofar as prechemotherapy NLR being a significant prognostic factor (*p* \< 0.001); however, an NLR cut-off of 3 was chosen instead of 3.5 to achieve a numerical balance between the high and low NLR groups.

Forrest et al. \[[@b29-kjim-2016-293]\] suggested a new scoring system based on CRP and serum albumin levels, i.e., mGPS, to evaluate prognosis in non-small cell lung cancer. Since then, several studies have suggested that mGPS is a useful prognostic factor in various cancers, especially in colorectal cancer \[[@b21-kjim-2016-293]\]. There were also some reports of mGPS also being prognostic of gastric cancer outcomes \[[@b11-kjim-2016-293],[@b13-kjim-2016-293]\]. Interestingly, and in contrast to previous studies, we found that prechemotherapy mGPS was not significantly associated with OS and PFS. Even when categorizing the lower two mGPS scores (0 and 1) together, survival was not significantly different between either categories (*p* = 0.100 and *p* = 0.134 for mGPS scores of 0 or 1 and 2, respectively). A high mGPS score has previously been associated with malnutrition; patients with advanced cancer are often malnourished prior to and during treatment \[[@b30-kjim-2016-293]\]. Tan et al. \[[@b31-kjim-2016-293]\] reported that malnutrition was an independent prognostic factor in patients with cancer, and was also significantly associated with elevated CRP and even high mGPS prior to commencing chemotherapy. The role of malnutrition in patient survival might have outweighed the utility of mGPS as a prognostic factor in our study.

The lack of a correlation between prechemotherapy mGPS and survival in our study is consistent with previously published findings. Dutta et al. \[[@b32-kjim-2016-293]\] suggested that mGPS plus TNM stage could predict prognosis more accurately than mGPS alone in esophageal gastric cancer. Walsh et al. \[[@b33-kjim-2016-293]\] reported that mGPS was not significantly associated with survival in resectable adenocarcinoma of the esophagus or in esophageal-gastric cancer. Similarly, mGPS appears to be of limited use as a prognostic marker in mGC. In our study, the association of survival with postchemotherapy mGPS was different from that of prechemotherapy mGPS in that postchemotherapy mGPS was significantly associated with poor survival (*p* \< 0.001). The improved nutritional state of patients after treatment may explain this result \[[@b30-kjim-2016-293]\]. Because the stomach is a key organ in the digestive system, effective chemotherapy might have a positive effect on a patient's nutritional state. As a result, patients receiving effective chemotherapy as well as better nutrition ought to have a low mGPS after chemotherapy, translating into better survival.

Recent studies have clarified the mechanism of suppression of tumor immunity by myeloid-derived suppressor cells (MDSCs) \[[@b34-kjim-2016-293]\]. MDSC levels are higher in cancer patients than in healthy subjects; this is especially true for cancers of the digestive system \[[@b35-kjim-2016-293]\]. MDSCs can disrupt immune surveillance against cancer cells and induce cancer progression by immune suppression \[[@b34-kjim-2016-293]\]. Therefore, it could be beneficial to inhibit the factors that induce MDSCs when administering immunotherapy \[[@b34-kjim-2016-293]\]. MDSCs have a positive correlation with absolute neutrophil count and NLR, and a negative correlation with lymphocyte count \[[@b35-kjim-2016-293]\]. In future, it may be prudent to evaluate NLR together with MDSC levels as posttreatment prognosticators; consequently, it will be necessary to identify methods for targeting and inhibiting MDSCs. Meanwhile, we maintain that NLR is useful for measuring treatment response and identifying patients who may be eligible for novel therapies.

In conclusion, prechemotherapy and postchemotherapy NLR values were strongly associated with survival outcomes in mGC; moreover, NLR change patterns were correlated with survival and chemotherapy response. Poor outcomes were observed concomitant with NLRs shifting toward higher values. Therefore, prechemotherapy NLR may be utilized as a prognostic factor in mGC, and evaluating NLR after chemotherapy can assist in predicting chemotherapeutic responses and prognoses in mGC. Conversely, mGPS was not significantly associated with survival; therefore, prechemotherapy mGPS may be of limited use for predicting prognosis in patients with mGC.

KEY MESSAGE
===========

1\. The neutrophil-to-lymphocyte ratio (NLR) as measured both prechemotherapy and postchemotherapy was strongly associated with survival of metastatic gastric cancer (mGC) patients.

2\. Change patterns of NLR before and after chemotherapy were correlated with survival and response to chemotherapy in patients with mGC.

3\. The prechemotherapy modified Glasgow prognostic score was not significantly associated with survival of patients with mGC.
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Univariate analysis for OS and PFS according to the change patterns of inflammatory markers
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Univariate analysis for OS and PFS in HER2-negative and -positive by the Kaplan-Meier method
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Univariate and multivariate analyses in HER2-negative for prechemotherapy OS and PFS
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Survival curves depending on the inflammatory markers, obtained by using the Kaplan-Meier method. (A) Prechemotherapy neutrophil-to-lymphocyte ratio (NLR). (B) Postchemotherapy NLR. (C) Prechemotherapy modified Glasgow prognostic score (mGPS). (D) Postchemotherapy mGPS.

![Survival curves depending on the inflammatory markers, obtained by using the Kaplan-Meier method. (A, B) The survival curves of high prechemotherapy/postchemotherapy neutrophil-to-lymphocyte ratio (NLR) were significantly different from the low NLR (*p* = 0.002 and *p* = 0.001, respectively) (C) The survival curves of high prechemotherapy modified Glasgow prognostic score (mGPS) was not significantly different from the low mGPS (*p* = 0.139). (D) The survival curve of high postchemotherapy mGPS was significantly different from the low mGPS (*p* = 0.001).](kjim-2016-293f1){#f1-kjim-2016-293}

![Survival curves depending on the change pattern of neutrophil-to-lymphocyte ratio (NLR). (A, B) According to the change pattern of NLR, the survival curves were significantly different from each other (*p* \< 0.001 for both).](kjim-2016-293f2){#f2-kjim-2016-293}

###### 

Patients baseline

  Characteristic                                                     Value
  ------------------------------------------------------------------ -----------------------
  All patients                                                       502
  Age, yr                                                            58 (20--81)
   \< 65                                                             333 (66.3)
   ≥ 65                                                              169 (33.7)
  Sex                                                                
   Female                                                            202 (40.2)
   Male                                                              300 (59.8)
  Histological type                                                  
   Differentiated^[a](#tfn1-kjim-2016-293){ref-type="table-fn"}^     177 (35.3)
   Undifferentiated^[b](#tfn2-kjim-2016-293){ref-type="table-fn"}^   325 (64.7)
  Metastatic presentation                                            
   Recurrence                                                        146 (29.1)
   Initial stage                                                     356 (70.9)
  No. of metastatic organs                                           
   1                                                                 202 (40.2)
   ≥ 2                                                               300 (59.8)
  Peritoneal carcinomatosis                                          
   No                                                                261 (52.0)
   Yes                                                               241 (48.0)
  First line chemotherapy                                            
   Platinum based regimen                                            398 (79.3)
   Non-platinum based regimen                                        104 (20.7)
  Prechemotherapy laboratory parameter                               
   WBC, 1,000/mm^3^                                                  6,680 (1,580--31,820)
   ANC, 1,000/mm^3^                                                  4,048 (480--27,057)
   Lymphocyte, 1,000/mm^3^                                           1,588 (231--3,796)
   Neutrophil-to-lymphocyte ratio                                    2.51 (0.41--45.81)
    \< 3.00 (Low)                                                    317 (63.1)
    ≥ 3.00 (High)                                                    185 (36.9)
   Albumin, g/dL                                                     3.80 (2.10--5.10)
   CRP, mg/dL                                                        0.80 (0.01--35.00)
   Modified Glasgow prognostic score                                 
    0 or 1 score (low)                                               412 (82.1)
    2 score (high)                                                   90 (17.9)

Values are presented as median (range) or number (%).

WBC, white blood cell; ANC, absolute neutrophil count; CRP, C-reactive protein.

Differentiated histological type included well differentiation and moderate differentiation.

Undifferentiated histological type included poor differentiation, signet ring cell adenocarcinoma and mucinous adenocarcinoma.

###### 

Univariate and multivariate analyses for prechemotherapy overall survival

  Variable                    Univariate   Multivariate                                  
  --------------------------- ------------ -------------- ---------- ------ ------------ ----------
  Age, yr                                                                                
   \< 65                      1.00                                   1.00                
   ≥ 65                       1.08         0.89--1.32     0.434      1.23   1.01--1.51   0.044
  Sex                                                                                    
   Female                     1.00                                                       
   Male                       1.00         0.83--1.22     0.967             NS           
  Detecting metastasis                                                                   
   Recurrence                 1.00                                   1.00                
   Initial diagnosis          1.55         1.26--1.91     \< 0.001   1.44   1.17--1.79   0.001
  Histological type                                                                      
   Differentiated             1.00                                   1.00                
   Undifferentiated           1.43         1.17--1.74     \< 0.001   1.55   1.26--1.91   \< 0.001
  Peritoneal carcinomatosis                                                              
   No                         1.00                                                       
   Yes                        1.42         1.18--1.72     \< 0.001          NS           
  No. of metastatic organs                                                               
   1                          1.00                                   1.00                
   ≥ 2                        1.65         1.36--2.00     \< 0.001   1.56   1.28--1.91   \< 0.001
  First line chemotherapy                                                                
   Cisplatin based            1.00                                                       
   Non-cisplatin based        0.99         0.79--1.24     0.921             NS           
  Prechemotherapy NLR                                                                    
   \< 3.0                     1.00                                   1.00                
   ≥ 3.0                      1.35         1.11--1.64     0.003      1.43   1.17--1.73   \< 0.001
  Prechemotherapy mGPS                                                                   
   Low                        1.00                                                       
   High                       1.21         0.94--1.55     0.140             NS           

HR, hazard ratio; CI, confidence interval; NS, not significant; NLR, neutrophil-to-lymphocyte ratio; mGPS, modified Glasgow prognostic score.

###### 

Correlation of change patterns in NLR with chemotherapy response

  Variable   No. (%)      NLR change pattern   Chi-square, *p* value   Linear by linear                          
  ---------- ------------ -------------------- ----------------------- ------------------ ----------- ---------- ----------
  CR         82 (16.3)    48 (19.0)            21 (15.2)               7 (10.9)           6 (12.8)               
  PR         175 (34.9)   100 (39.5)           54 (39.1)               12 (18.8)          9 (19.1)               
  SD         179 (35.7)   91 (36.0)            49 (35.5)               21 (32.8)          18 (38.3)              
  PD         66 (13.1)    14 (5.5)             14 (10.1)               24 (37.5)          14 (29.8)              
  ORR        257 (51.2)   148 (58.5)           75 (54.3)               19 (29.7)          15 (31.9)   \< 0.001   \< 0.001
  Non-ORR    245 (48.8)   105 (41.5)           63 (45.7)               45 (70.3)          32 (68.1)              
  DCR        436 (86.9)   239 (94.5)           124 (89.9)              40 (62.5)          33 (70.2)   \< 0.001   \< 0.001
  Non-DCR    66 (13.1)    14 (5.5)             14 (10.1)               24 (37.5)          14 (29.8)              

Values are presented as number (%).

NLR, neutrophil-to-lymphocyte ratio; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response; DCR, disease control rate.

###### 

Multivariate analysis for OS and PFS according to the change pattern of NLR

  Variable                                                           OS     PFS                                         
  ------------------------------------------------------------------ ------ ------------ ---------- ------ ------------ ----------
  Age, yr                                                                                                               
   \< 65                                                             1.00                                               
   ≥ 65                                                              1.27   1.03--1.56   0.022             NS           
  Histological type                                                                                                     
   Differentiated^[a](#tfn3-kjim-2016-293){ref-type="table-fn"}^     1.00                           1.00                
   Undifferentiated^[b](#tfn4-kjim-2016-293){ref-type="table-fn"}^   1.53   1.25--1.88   \< 0.001   1.33   1.09--1.62   0.006
  No. of metastatic organs                                                                                              
   1                                                                 1.00                           1.00                
   ≥ 2                                                               1.51   1.23--1.84   \< 0.001   1.42   1.16--1.73   0.001
  Detecting metastasis                                                                                                  
   Recurrence                                                        1.00                           1.00                
   Initial diagnosis                                                 1.41   1.13--1.75   0.002      1.34   1.08--1.67   0.007
  NLR change pattern                                                                     \< 0.001                       \< 0.001
   Low to low                                                        1.00                           1.00                
   High to low                                                       1.35   1.08--1.70   0.009      1.34   1.07--1.68   0.012
   Low to high                                                       1.83   1.38--2.44   \< 0.001   2.10   1.58--2.80   \< 0.001
   High to high                                                      2.81   2.02--3.90   \< 0.001   3.71   2.65--5.20   \< 0.001

OS, overall survival; PFS, progression-free survival; NLR, neutrophil-to-lymphocyte ratio; HR, hazard ratio; CI, confidence interval.

Differentiated histological type included well differentiation and moderate differentiation.

Undifferentiated histological type included poor differentiation, signet ring cell adenocarcinoma, and mucinous adenocarcinoma.
